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Introduction {#sec001}
============

The population is aging in developed countries on a global scale. Japan is experiencing rapid growth of its aged population, with the elderly (aged over 65 years) comprising 28% of the population according to Japanese Ministry of Health, Labour and Welfare data for 2019 \[[@pone.0233381.ref001]\]. Therefore, one in four individuals in Japan are elderly, and the normal aging process in this population inevitably causes functional decline in physical ability and memory, potentially hindering the ability to perform everyday tasks.

Road traffic accidents (RTAs) caused by elderly drivers have becoming increasingly common in recent years and now pose a serious problem in Japan. Driving a vehicle requires a series of advanced tasks that integrate and process information rapidly and relies on good cognitive skills, including attention, memory, and judgment. Many studies have demonstrated a positive relationship between decline of cognitive function and risk of an RTA \[[@pone.0233381.ref002]--[@pone.0233381.ref007]\]. Therefore, individuals over the age of 75 years are now required to pass a cognitive function test and attend training for seniors in addition to passing a vision test when renewing their driving licenses in Japan. A diagnosis of dementia results in automatic cancellation of a driving license. Nevertheless, data held by the National Police Agency in Japan show that the rate of fatal RTAs caused by drivers over 75 years of age is more than 2.5 times higher than that for drivers under this age, despite a recent overall decrease in fatal RTAs \[[@pone.0233381.ref008]\]. Driving requires judgment and operational skills in response to visual information. In general, visual ability and cognitive function are assessed separately; however, a more integrated assessment of these functions may be necessary for driving. Therefore, an effective method is needed to detect changes in integrative function due to subtle age-related cognitive changes and a decline in visual ability specific for driving.

Functional visual acuity (VA) is measured using a test that takes the time axis into account by including use of a joystick and is reportedly useful for assessment of visual function related to daily activities \[[@pone.0233381.ref009]--[@pone.0233381.ref012]\]. When performing this test, the subject rests the chin on a chin-pad and looks into the testing device, gazes at a target that is automatically displayed for a set period of 2 seconds on a built-in screen, and responds to the target by manipulating the joystick over a set period of 60 seconds. Functional VA testing may be able to measure visual performance in a way that includes the cognitive ability necessary for driving competency. Negishi et al. investigated the relationship between functional VA and the visual field and suggested that functional VA measurement may be applicable to visual function during driving \[[@pone.0233381.ref013]\]. Similarly, Hiraoka et al. assessed functional VA under mesopic conditions in healthy subjects and suggested that public education on mesopic functional VA may help to reduce the number of RTAs \[[@pone.0233381.ref014]\]. In this study, we investigated whether or not functional VA measurement can reflect cognitive function in healthy elderly persons.

Materials and methods {#sec002}
=====================

Subjects {#sec003}
--------

The study included 34 eyes with a decimal best-corrected distance VA ≥1.0 and the same type of monofocal intraocular lens implant (NX-70, Santen Pharmaceutical Co., Ltd, Osaka, Japan) in 34 patients attending the National Hospital Organization Tokyo Medical Center in Tokyo. The patients comprised 16 men and 18 women of mean age 72.7 ± 6.1 (range, 61--83) years. When both eyes were affected, the right eye was studied. Subjects were excluded if they had a history of ophthalmic disease affecting vision, such as definite dry eye based on the 2006 Japanese diagnostic criteria, glaucoma, retinal disease, ocular trauma, or intracranial disease, as were those with a physical disorder that interfered with the skills necessary to manipulate the functional VA test equipment.

This cross-sectional study was approved prospectively by the Institutional Review Board of National Hospital Organization Tokyo Medical Center, Tokyo, Japan, and was performed in accordance with the tenets of the Declaration of Helsinki. Written informed consent was obtained from all subjects after they had received an explanation of the nature of the study and its possible consequences.

Cognitive function {#sec004}
------------------

Cognitive function was measured using the Japanese version of the Mini-Mental State Examination (MMSE; Nihon Bunka Kagakusha, Tokyo, Japan) questionnaire \[[@pone.0233381.ref015]\]. The MMSE consists of 11 items examining the following functions: orientation to time (Q1, 5 points) and place (Q2, 5 points), registration (Q3, 3 points), attention and calculation (Q4, 5 points), recall (Q5, 3 points), language (Q6, 2 points; Q7, 1 points; Q8: 3 points; Q9, 1 point, Q10, 1 point), and copying (Q11, 1 point). The possible overall score ranges from 0 to 30 points, with a lower score indicating more severe cognitive impairment. A score ≤23 indicates a possibility of dementia (sensitivity 81%, specificity 89%) \[[@pone.0233381.ref016],[@pone.0233381.ref017]\], and a score of 24--27 indicates a possibility of mild cognitive impairment (MCI; sensitivity 45%--60%, specificity 65%--90%) \[[@pone.0233381.ref018],[@pone.0233381.ref019]\].

Functional VA measurement system {#sec005}
--------------------------------

Visual ability was assessed by measuring dynamic changes in VA continuously for 60 seconds under natural blinking conditions using a functional VA measurement system (AS-28; Kowa, Aichi, Japan; [Fig 1A](#pone.0233381.g001){ref-type="fig"}). When performing this test, subjects wear spectacles containing the refractive correction needed to obtain best-corrected VA and delineate an automatically presented Landolt ring orientation on the built-in screen by looking into the machine and manipulating a joystick. The size of the optotype changes by one step depending on the subject's response ([Fig 1B](#pone.0233381.g001){ref-type="fig"}). If the response is correct, a smaller optotype is presented as the next stimulus; if the response is incorrect, a larger optotype is presented. The results are recorded as a line graph made up of points joining only the correct answers ([Fig 1C](#pone.0233381.g001){ref-type="fig"}).

![Functional visual acuity measurement system.\
(A) Equipment (AS-28) used to measure functional visual acuity. (B) Optotype display on the functional visual acuity system. (C) The results presented in graphical form. VA, visual acuity; logMAR, logarithm of the minimum angle of resolution.](pone.0233381.g001){#pone.0233381.g001}

The outcome parameters in this study included starting VA, functional VA, visual maintenance ratio, standard deviation (SD) of functional VA, response time, and blink frequency \[[@pone.0233381.ref009]\]. Starting VA is defined as the best-corrected VA measured by the functional VA measurement system. Functional VA is defined as the average of all VA values measured over time. The visual maintenance ratio is defined as the functional VA divided by the starting VA \[[@pone.0233381.ref020]\]. The SD of the functional VA describes the fluctuation in VA measurements over time. The blink frequency is automatically recorded using the functional VA measurement device. Subjects respond to the target by manipulating a joystick.

Measurement of wavefront aberrations {#sec006}
------------------------------------

Higher-order aberrations were measured using the Hartmann-Shack wavefront aberrometer (Topcon Corp., Tokyo, Japan) to evaluate each subject's optical quality. The higher-order aberration data were analyzed quantitatively in the central 6-mm diameter up to the fourth order by expanding the set of Zernike polynomials. From the Zernike coefficients, the root mean square was calculated to represent the wavefront aberrations. S3 and S4 are the root mean square of the third-order and fourth-order Zernike coefficients, respectively. Total higher-order (S3 + S4) aberration data were recorded.

Dry eye examination {#sec007}
-------------------

The Schirmer test was performed without topical anesthesia using a sterilized Schirmer strip (Whatman No. 41, Ayumi Pharmaceutical Corporation, Tokyo, Japan) after completion of all other examinations to confirm the presence or absence of dry eye, which may affect visual function.

Statistical analysis {#sec008}
--------------------

Subjects with an MMSE score \<28 were allocated to an MCI group and those with an MMSE score ≥28 to a normal cognition (NC) group. Characteristics of cognitive functions, such as orientation to time and place, registration, attention and calculation, recall, language, and copying, were compared between the two groups.

The functional VA parameters, total higher-order aberrations, and Schirmer values were compared between the MCI and NC groups. The Student's *t*-test was used for between-group comparisons after confirming that the data were equally distributed using the F-test. The relationship between the functional VA parameters and MMSE scores in the study population overall was examined by Pearson's correlation analysis. A further test of the significance of the correlation coefficient was performed to confirm whether or not the null hypothesis would be rejected. SPSS software (version 17.0J for Windows; IBM Corp., Armonk, NY, USA) was used for the statistical analysis. A *P*-value of \<0.05 was considered statistically significant.

Results {#sec009}
=======

Demographic and ophthalmic characteristics of subjects {#sec010}
------------------------------------------------------

[Table 1](#pone.0233381.t001){ref-type="table"} shows the profile of the subjects in each study group. There were no significant differences in age, best-corrected VA at examination, preoperative VA, Schirmer value, or total higher-order aberrations.

10.1371/journal.pone.0233381.t001

###### Functional VA parameters in the MCI and NC groups.

![](pone.0233381.t001){#pone.0233381.t001g}

                                       MCI group n = 10   NC group n = 24   *P*-value
  ------------------------------------ ------------------ ----------------- -----------
  Age (years)                          73.4 ± 7.0         72.5 ± 5.8        0.69
  BCVA at examination (logMAR)         -0.06 ± 0.03       -0.07 ± 0.03      0.41
  Preoperative VA (logMAR)             0.27 ± 0.30        0.13 ± 0.20       0.11
  Schirmer value (mm)                  8.6 ± 5.0          11.4 ± 6.6        0.24
  Higher-order aberration (6 mm; μm)   0.92 ± 0.28        0.78 ± 0.22       0.13

BCVA, best-corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; MCI, mild cognitive impairment; NC, normal cognition

Cognitive function {#sec011}
------------------

The overall distribution of the MMSE scores ranged from 18 to 30. Ten subjects had an MMSE score of \<28 (the MCI group) and 24 subjects had a score of ≥28 (the NC group).

Scores for Q1, Q2, Q4, Q5, and Q10 on the MMSE were significantly low in the MCI group but were in the normal range for Q3, Q6, Q7, Q8, Q9, and Q11 in both the MCI and NC groups. [Fig 2](#pone.0233381.g002){ref-type="fig"} shows the distributions of scores for orientation to time and place (sum of Q1 and Q2), registration (Q3), attention and calculation (Q4), recall (Q5), language (sum of Q6, Q7, Q8, Q9, and Q10), and copying (Q11). There were significant differences in orientation to time and place, attention and calculation, and recall between the groups (*P* \< 0.05).

![Distribution of MMSE scores for orientation to time and place, registration, attention and calculation, recall, language, and copying in the MCI and NC groups.\
Distribution of orientation to time and place (A), registration (B), attention and calculation (C), recall (D), language (E), and copying (F). MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; NC, normal cognition.](pone.0233381.g002){#pone.0233381.g002}

Functional visual acuity {#sec012}
------------------------

[Fig 3](#pone.0233381.g003){ref-type="fig"} shows the distribution of the functional VA parameters in the MCI and NC groups. Although there was no significant between-group difference in the mean starting VA value (0.05 ± 0.24 vs 0.01 ± 0.08; *P*\>0.05), the mean functional VA value was significantly lower and the SD of the functional VA value tended to be lower in the MCI group than in the NC group (0.23 ± 0.13 vs 0.09 ± 0.13; *P* = 0.007 and 0.06 ± 0.04 vs 0.04 ± 0.02; *P* = 0.05, respectively). There was no significant difference in the visual maintenance ratio (0.94 ± 0.06 vs 0.97 ± 0.05; *P* = 0.11), reaction time (1.27 ± 0.18 vs 1.35 ± 0.20; *P* = 0.34), or blink frequency (5.3 ± 3.4 vs 4.4 ± 5.5; *P* = 0.64) between the groups. [Fig 4](#pone.0233381.g004){ref-type="fig"} shows representative cases with MCI and NC.

![Distributions of functional visual acuity parameters in the MCI and NC groups.\
Distribution of starting visual acuity (A), functional visual acuity (B), visual maintenance ratio (C), SD of functional visual acuity (D), response time (E), and blink frequency (F). logMAR, logarithm of the minimum angle of resolution; MCI, mild cognitive impairment; NC, normal cognition; SD, standard deviation; VA, visual acuity.](pone.0233381.g003){#pone.0233381.g003}

![Functional visual acuity in representative cases with MCI and NC.\
(A) A 75-year-old man with an MMSE score of 30. (B) A 71-year-old man with an MMSE score of 18. MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; NC, normal cognition.](pone.0233381.g004){#pone.0233381.g004}

Correlation between cognitive function and visual function {#sec013}
----------------------------------------------------------

No correlation was found between the logMAR (logarithm of the minimum angle of resolution) VA and MMSE score (*P*\>0.05; [Fig 5A](#pone.0233381.g005){ref-type="fig"}). However, a strong correlations were found between the MMSE score and the logMAR functional VA (r = -0.36, *P* = 0.04; [Fig 2B](#pone.0233381.g002){ref-type="fig"}), visual maintenance ratio (r = 0.34, *P* = 0.048; [Fig 2C](#pone.0233381.g002){ref-type="fig"}), and SD of the logMAR functional VA (r = -0.39, *P* = 0.02; [Fig 2D](#pone.0233381.g002){ref-type="fig"}). Further tests of significance for the correlation coefficient, test statistics, and P-values were 2.195 and 0.036 for MMSE scores and functional VAs, 2.052 and 0.0485 for MMSE scores and the visual maintenance ratio, and 2.089 and 0.0448 for MMSE scores and the SD of functional VAs, respectively, demonstrating that the null hypothesis was rejected. There were no correlations between blink frequency, reaction time, and the MMSE score (*P*\>0.05).

![Correlation between cognitive function and visual function.\
(A) Correlation between the logMAR starting VA and the MMSE score. (B) Correlation between the logMAR functional VA and the MMSE score. (C) Correlation between the visual maintenance ratio and the MMSE score. (D) Correlation between the logMAR standard deviation of functional VA and the MMSE score. logMAR, logarithm of the minimum angle of resolution; MMSE, Mini-Mental State Examination; VA, visual acuity.](pone.0233381.g005){#pone.0233381.g005}

Discussion {#sec014}
==========

The optical system and central nervous system participate together in visual ability. When considering visual ability in the elderly, it is difficult to evaluate visual function by distinguishing completely between these two systems, given that the elderly have a high incidence of comorbid ocular disease and cognitive impairment. The relationship between visual and cognitive function is well documented in the literature \[[@pone.0233381.ref021]--[@pone.0233381.ref024]\]. Long-term deterioration of optical quality as a result of cataract \[[@pone.0233381.ref025]\], open-angle glaucoma \[[@pone.0233381.ref026],[@pone.0233381.ref027]\], or age-related macular degeneration \[[@pone.0233381.ref028],[@pone.0233381.ref029]\] decreases brain function, resulting in cognitive impairment. It is also known that vision deteriorates in the absence of organic abnormality in patients with visuospatial agnosia and that some individuals with dementia have symptoms of image degradation due to visuo-constructional and visuo-perceptual dysfunction despite having no ophthalmic abnormality. A morphological stimulus is projected as an indistinct image on the retina, transmitted to the optic nerve, and through two separate pathways in the temporal and parietal association areas to the prefrontal cortex \[[@pone.0233381.ref030]\]. The original image can be recognized by integrating information and memory from other sensory organs at higher centers and correcting the indistinct image \[[@pone.0233381.ref031]\]. In this study, we tried to eliminate these optical effects as much as possible by recruiting healthy elderly subjects without any ocular disease and a decimal VA ≥1.0 after cataract surgery and examining the relationship between the changes in cognitive function and visual function associated with physiological aging. The higher-order aberration data confirmed that there was no difference in optical quality between the MCI and NC groups, which meant that we could exclude the optical factor and focus on evaluating the impact of the nervous system on visual function.

MCI is an intermediate stage between normal age-related cognitive changes and dementia, in which affected individuals may experience subtle changes in the complex physical and cognitive activities needed to function in society \[[@pone.0233381.ref032],[@pone.0233381.ref033]\]. Ten of the 34 healthy elderly subjects in this study were found to have MCI, which suggests that approximately 30% of the elderly population may be unaware that they have early dementia. In our MCI group, the MMSE scores for the domains of orientation, attention and calculation, and recall were significantly decreased while language-related cognitive function was preserved. It is known that cognitive and executive functions, such as working memory, attention, and decision-making, are mediated by the prefrontal cortex \[[@pone.0233381.ref034]\]. Furthermore, the prefrontal cortex is known to be one of the last cortical regions to mature both anatomically and functionally \[[@pone.0233381.ref034],[@pone.0233381.ref035]\] and to be one of the first to deteriorate with normal aging \[[@pone.0233381.ref034],[@pone.0233381.ref036]\]. We suspect that it may be hard to recognize individuals with mild dementia given that language-related cognitive function is relatively well preserved in MCI. Furthermore, the cognitive and executive functions performed by the prefrontal cortex, including recognizing the situation one is in, retaining information temporally, making a decision, and acting upon it, are susceptible to deterioration at an early stage during normal aging. Therefore, integrated function is likely to be reduced in the elderly, and it is important to assess a series of complex functions rather than a single function in this age group.

In our study, the mean functional VA value was significantly lower in the MCI group in the absence of a decrease in best-corrected VA. Moreover, strong correlations were observed between the MMSE score and functional VA, the visual maintenance ratio, and the SD of functional VA. We can infer that the decreased visual performance in the MCI group was caused by a decline in brain-related function rather than an optical factor, given that the optical quality was the same in both the MCI and NC groups. There have been reports of subclinical visual impairment in visually asymptomatic patients using high sensitivity methods such as contrast sensitivity testing \[[@pone.0233381.ref037]--[@pone.0233381.ref039]\] that are consistent with our findings. Wieder et al. showed that cognitive function not only correlated with low contrast sensitivity but also with information processing speed and memory among the cognitive domains affecting visual performance \[[@pone.0233381.ref039]\]. Our finding of decreased MMSE scores for orientation, attention and calculation, and recall in the MCI group suggests that degradation of the prefrontal cortex should be investigated further as a cause of decreased visual ability. During the functional VA test, the subject must intensively and continuously look at the displayed target, where concentration requires "attention and concentration", remembering the target requires "temporary memory", and moving the joystick to the target requires "execution and working memory". This means that the functional VA test can assess integrated function in response to visual stimuli. Driving requires judgment and operational skills with immediate transmission of information, integration and processing of information, and a capacity to move from stimulation to execution. Therefore, age-related deterioration of the prefrontal cortex can increase the risk of an RTA. We propose that the functional VA measurement system could be used as an advanced vision test to assess visual performance in elderly drivers and to detect an intermediate stage between normal age-related cognitive changes and dementia caused by deterioration of the prefrontal cortex.

Unexpectedly, reaction time did not show any correlation with the MMSE score in our study. Considering that degradation of the prefrontal cortex causes impairment in the sequence of perception, cognition, and execution, we expected to find an association between a lower MMSE score and slower reaction time. The prefrontal cortex plays an important role in suppressing unnecessary and inappropriate reactions and focusing on the appropriate reaction when needed \[[@pone.0233381.ref034],[@pone.0233381.ref040]\]. Therefore, we infer that the subjects with lower MMSE scores delineated the presented optotype without confirming whether or not the response was correct, given that none of the enrolled subjects had a motor abnormality of the fingers that would interfere with the ability to manipulate the joystick used in the functional VA test. This problem would be exacerbated if there was no delay in reaction time and potentially increase the risk of an RTA.

We used the MMSE to evaluate cognitive function in this study because it is simple to administer and is widely used as a general screening test of cognitive function. However, the emphasis of this test is on memory and language. In view of our finding of deterioration in functional VA parameters in subjects with MCI, which indicate a decline of cognitive functions that are specific to the prefrontal cortex, a further study is needed to investigate the relationship between the domains specific to the prefrontal cortex and practical vision in more depth.

Our study has a few limitations. First, the number of subjects included was small. Moreover, the subjects were not limited to drivers. Second, we focused solely on measurement of cognitive function and visual ability and did not assess the relationship between actual driving performance and cognitive and visual function. However, many other external factors influence the risk of an RTA, such as driving performance \[[@pone.0233381.ref041],[@pone.0233381.ref042]\], environmental road conditions \[[@pone.0233381.ref043],[@pone.0233381.ref044]\], and traffic conditions \[[@pone.0233381.ref045],[@pone.0233381.ref046]\]. Therefore, more research is needed in a large number of subjects to investigate the relationship between MCI and risk of an RTA.

In conclusion, approximately 30% of healthy elderly subjects in this study were found to have MCI. Subjects with suspected MCI were found to have decreased cognitive functions relating to orientation, attention and calculation, and recall despite intact language-related cognitive function. These subjects also showed deterioration of visual ability when measured by the functional VA test despite having no decrease in best-corrected VA. Measurement of functional VA may be useful for assessment of the integrated visual ability associated with cognitive function.
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4）Detailed the experiment section, such as providing the necessary figures to show the experiment and equipment, explaining the experiment procedure.

5\) Statistical analysis used in the article was simple. The results shown in figure 2, R or R2？Anyhow, all the values are not good enough, maybe which is due to the small data samples. Please provide more explanation or comparison to previous studies. The figures need to be redrawn, such as adding axis lables.

6\) The conclusion section is missing, maybe the current analysis section could be divided into two sections.

Reviewer \#2: The topic of this paper is interesting and the methods sound. The results are useful and meaningful. There are several suggestions to improve this paper.

1\. Some references are needed for student's test. And the authors need to mention that why student's test is used instead of ANOVA. The authors could refer to the following ones.

\[1\] Examining the safety of trucks under crosswind at bridge-tunnel section: A driving simulator study, Tunnelling and Underground Space Technology, 2019, 92, 103034. <https://doi.org/10.1016/j.tust.2019.103034>

\[2\] Examining the influence of decorated sidewaall in road tunnels using fMRI technology, Tunnelling and Underground Space Technology, Volume 99, 2020, <https://doi.org/10.1016/j.tust.2020.103362>

2\. For Fig.1, Box-plot with outlier maybe is preferred.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0233381.r002

Author response to Decision Letter 0

14 Apr 2020

Reviewer \#1: The topic of this study is refreshing to focus on the relationship between visual ability and cognitive function. The results reported are still somewhat exploratory and needed to be examined further due to the following aspects:

1\) The allocation of subjects is a bit confusing. In Cognitive Function, "a score\<=23 indicates a possibility of dementia..., and a score of 24-28 indicates a possibility of MCI". However, in discussion section, subjects with a MMSE sore\<28 were allocated to a MCI group. How did the author consider here? Or was it not rigorous enough.

Thank you for pointing it out. It was just an unintended mistake. Thus, we revised it as follows: "...a score of 24--27 indicates a possibility of mild cognitive impairment\..."

2\) When the first paragraph of "Discussion" was read, this reviewer understood that the higher-order aberration was used to exclude the optical factor. It would be clearer that the author explained previously in "Measurement of wavefront aberrations". It is regrettable that this reviewer still do not understand the role of Schirmer value.

Please note that we explained the purpose for the inspection of wavefront aberrations as follows: "Higher-order aberrations were measured using the Hartmann-Shack wavefront aberrometer (Topcon Corp., Tokyo, Japan) to evaluate each subject's optical quality."

We also added the explanation of Schirmer test as follows: "The Schirmer test was performed without topical anesthesia using a sterilized Schirmer strip (Whatman No. 41, Ayumi Pharmaceutical Corporation, Tokyo, Japan) after completion of all other examinations to confirm the presence or absence of dry eye, which may affect visual function."

3\) The author focused on the measurement of cognitive function and visual ability. But there are many other external factors affecting them, such as driving performance, road environment, traffic condition\...More researches are needed. The finding was expected to be used to reduce road traffic rate and assess visual performance in elderly drivers. Most analyses focused on explaining the relationship from a medical perspective, not from a perspective of accident prevention. And 34 subjected selected were unclear whether they were drivers.

We agree with you. Thus, we added more details in the limitation section as follows: "First, the number of subjects included was small. Moreover, the subjects were not limited to drivers. Second, we focused solely on measurement of cognitive function and visual ability and did not assess the relationship between actual driving performance and cognitive and visual function. However, many other external factors influence the risk of an RTA, such as driving performance \[41,42\], environmental road conditions \[43,44\], and traffic conditions \[45,46\]."

4）Detailed the experiment section, such as providing the necessary figures to show the experiment and equipment, explaining the experiment procedure.

Please note that Fig 1 is provided to show (A) Equipment (AS-28) used to measure functional visual acuity. (B) Optotype display on the functional visual acuity system. (C) The results presented in graphical form.

We also presented the representative cases with MCI and NC in Figure 4.

5\) Statistical analysis used in the article was simple. The results shown in figure 2, R or R2？Anyhow, all the values are not good enough, maybe which is due to the small data samples. Please provide more explanation or comparison to previous studies. The figures need to be redrawn, such as adding axis lables.

Thank you for your constructive comment. The study sample is small for the statistical analysis. Thus, in the analysis of 2-group comparison, we confirmed that data is equally distributed using F-test, and then conducted the analysis of 2-group comparison by using t-test. In the correlation of MMSE scores and functional VA parameters, we conducted a test of no correlation. Correlation coefficient, test statistics and P values were -0.362, 2.195 and 0.036 between MMSE scores and functional VAs, 0.340, 2.052 and 0.0485 between MMSE scores and VMRs, -0.346, 2.089 and 0.0448 between MMSE scores and SD of functional VAs, respectively. Hence, the null hypothesis was rejected, and the data was not uncorrelated.

Please note that we added the additional statistical methods in the statistical section as follows: "The functional VA parameters, total higher-order aberrations, and Schirmer values were compared between the MCI and NC groups. The Student's t-test was used for between-group comparisons after confirming that the data were equally distributed using the F-test. The relationship between the functional VA parameters and MMSE scores in the study population overall was examined by Pearson's correlation analysis. A further test of the significance of the correlation coefficient was performed to confirm whether or not the null hypothesis would be rejected." With the additional information, we added in the result section of "Correlation between cognitive function and visual function" as follows: "Further tests of significance for the correlation coefficient, test statistics, and P-values were 2.195 and 0.036 for MMSE scores and functional VAs, 2.052 and 0.0485 for MMSE scores and the visual maintenance ratio, and 2.089 and 0.0448 for MMSE scores and the SD of functional VAs, respectively, demonstrating that the null hypothesis was rejected."

We added the new figure of the distribution of the functional VA parameters.

We also cited more references to show the relationship between cognitive and visual functions in the visually asymptomatic subjects as follows: "There have been reports of subclinical visual impairment in visually asymptomatic patients using high sensitivity methods such as contrast sensitivity testing \[37-39\] that are consistent with our findings. Wieder et al. showed that cognitive function not only correlated with low contrast sensitivity but also with information processing speed and memory among the cognitive domains affecting visual performance \[39\]."

We added the axis labels in Fig. 5.

6\) The conclusion section is missing, maybe the current analysis section could be divided into two sections.

Please note that we mentioned in the section of statistical analysis that each function of the MMSE test was compared between the two groups. We also divided into two sections as follows: "Subjects with an MMSE score \<28 were allocated to an MCI group and those with an MMSE score ≥28 to a normal cognition (NC) group. Characteristics of cognitive functions, such as orientation to time and place, registration, attention and calculation, recall, language, and copying, were compared between the two groups.

The functional VA parameters, total higher-order aberrations, and Schirmer values were compared between the MCI and NC groups. The Student's t-test was used for between-group comparisons after confirming that the data were equally distributed using the F-test. The relationship between the functional VA parameters and MMSE scores in the study population overall was examined by Pearson's correlation analysis. A further test of the significance of the correlation coefficient was performed to confirm whether or not the null hypothesis would be rejected."

Reviewer \#2: The topic of this paper is interesting and the methods sound. The results are useful and meaningful. There are several suggestions to improve this paper.

1\. Some references are needed for student's test. And the authors need to mention that why student's test is used instead of ANOVA. The authors could refer to the following ones.

\[1\] Examining the safety of trucks under crosswind at bridge-tunnel section: A driving simulator study, Tunnelling and Underground Space Technology, 2019, 92, 103034. <https://doi.org/10.1016/j.tust.2019.103034>

\[2\] Examining the influence of decorated sidewaall in road tunnels using fMRI technology, Tunnelling and Underground Space Technology, Volume 99, 2020, <https://doi.org/10.1016/j.tust.2020.103362>

Please note that we cited the references, showing the studies of 2-group comparison using t-test as follows: "There have been reports of subclinical visual impairment in visually asymptomatic patients using high sensitivity methods such as contrast sensitivity testing \[37-39\] that are consistent with our findings. Wieder et al. showed that cognitive function not only correlated with low contrast sensitivity but also with information processing speed and memory among the cognitive domains affecting visual performance \[39\]."

We also changed the statistical methods and procedures clearly in the section of Statistical analysis as follows: "Subjects with an MMSE score \<28 were allocated to an MCI group and those with an MMSE score ≥28 to a normal cognition (NC) group. Characteristics of cognitive functions, such as orientation to time and place, registration, attention and calculation, recall, language, and copying, were compared between the two groups.

The functional VA parameters, total higher-order aberrations, and Schirmer values were compared between the MCI and NC groups. The Student's t-test was used for between-group comparisons after confirming that the data were equally distributed using the F-test. The relationship between the functional VA parameters and MMSE scores in the study population overall was examined by Pearson's correlation analysis. A further test of the significance of the correlation coefficient was performed to confirm whether or not the null hypothesis would be rejected."

We wrote the limitation more clearly as follows: "Our study has a few limitations. First, the number of subjects included was small. Moreover, the subjects were not limited to drivers. Second, we focused solely on measurement of cognitive function and visual ability and did not assess the relationship between actual driving performance and cognitive and visual function. However, many other external factors influence the risk of an RTA, such as driving performance \[41,42\], environmental road conditions \[43,44\], and traffic conditions \[45,46\]. Therefore, more research is needed in a large number of subjects to investigate the relationship between MCI and risk of an RTA."

We also cited the articles as you recommended.

2\. For Fig.1, Box-plot with outlier maybe is preferred.

Please note that the figure was changed to box-plot with outlier, as recommended.
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Dear Dr. Kaido,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Feng Chen

Academic Editor
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Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The revised manuscript has addressed review\'s comments well.

However, I still suggest that the paper need include a separate Conclusion section.

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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